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[1, 2, 3, 4]. , –
. ,
. , , Intemediate Long Wave
(ILW) Finite-depth(FD)
[5]. ILW ,
, $[6, 7]$ .
$\frac{\partial u}{\partial T}+u\frac{\partial u}{\partial X}+\frac{\partial^{2}}{\partial X^{2}}\mathcal{P}\int_{-\infty}^{\infty}G(X’-X)u(X’,t)dX’=0$, (1)
$G(X):= \frac{1}{2\chi}[\coth(\frac{\pi X}{2\chi})-sgn(X)]$ ,
, $\chi$ , $\mathcal{P}$ . ,
Chen&L\infty [8] N- , Satsuma [9, 10, 11] B\"addund . ,
, KdV Benjamin-Ono(BO)
.
$\frac{\partial}{\partial X}(\frac{\theta u}{\partial T}+u\frac{\partial u}{\partial X}+\frac{\partial^{2}}{\partial X^{2}}\mathcal{P}\int_{-\infty}^{\infty}G(X’-X)u(X’,t)dX^{\prime)}+\frac{p_{u}}{\partial Y^{2}}=0$ (2)
$X$ (1) ( )
, KdV KP .
. 2 ,
[12]. , , BO , 2
[13, 14, 4]. ILW (1)
KdV BO , 2 ILW
. ,
.
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21: .
1 . , , .
$x^{*}y*$ , $z^{*}$ . $z=h_{1}$ . $z^{*}=-h_{2}$
. $z=$ (x*, $y,t^{*}$) , $z^{*}=0$
. , , $h_{1}$ , , $\phi_{1}^{\ell}$ ,
, , $h_{2}$ , $\rho_{2}$ , $\phi_{2}^{*}$ .
.
$\zeta=\frac{\zeta}{a},$ $x=(x,y)= \frac{x^{*}}{p}=(\frac{x}{\ell}\frac{y^{*}}{\ell})$ $t= \frac{V}{\ell}t\cdot,$ $\phi_{1}=\frac{h_{1}}{aV\ell}\emptyset:,$ $\phi_{2}=\frac{h_{2}}{aV\ell}\phi_{2}$ . (3)
$a$ , $\ell$ ( ) . $V$
$V:=\sqrt{\frac{g\Delta h_{2}}{1+\Delta+h_{2}/h_{1}}}$, $\Delta:=\frac{\rho_{2}-\rho_{1}}{\rho_{1}}$ (4)
. , $g$ . , $h_{1}$ .
.
$\hat{z}=\frac{z^{l}}{h_{1}}$ . $z= \frac{z^{*}}{h_{2}}$ . (5)
, .
$\chi^{2}\nabla^{2}\phi_{1}+\frac{\partial^{2}\phi_{1}}{\partial\hat{z}^{2}}=0$, $\epsilon\frac{\delta}{\chi}\zeta<\hat{z}<1$ , (6a)
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$\frac{\partial\phi_{1}}{\partial\hat{z}}=0$, $\hat{z}=1$ ,




$=$ $[ \frac{\partial\phi_{2}}{\partial t}+\frac{1}{2}\epsilon(\nabla\phi_{2})^{2}+\frac{1}{2}\frac{\epsilon}{\delta^{2}}(\frac{\partial h}{\partial z})^{2}]_{z\approx\epsilon\zeta}+(1+\frac{1\delta}{1+\Delta\chi})\zeta$, ( )
$\delta^{2}\nabla^{2}$ $+ \frac{\theta^{2}\phi_{2}}{\partial z^{2}}=0$ , $-1<z<\epsilon\zeta$, (oe)
$\frac{\partial\zeta}{\theta t}+\epsilon\nabla\zeta\cdot\nabla\phi_{2}=\frac{1}{\delta^{2}}\frac{\partial\phi_{2}}{\partial z}$, $z=\epsilon\zeta$, (6f)




$\epsilon\ll 1,$ $\delta\ll 1,$ $\delta=O(\epsilon),$ $\chi=O(1)$ (8)
.
(&) (6g) , , $f(x,t)$
$\phi_{2}(x,y,z,t)=f(x,t)-\frac{\delta^{2}}{2!}(\nabla^{2}f)(z+1)^{2}+\frac{\delta^{4}}{4!}(\nabla^{4}f)(z+1)^{4}-\cdots$ (9)
. , $O(\delta^{2}),O(\epsilon\delta)$ ,
.
$\nearrow\nabla^{2}\phi_{1}+\frac{\partial^{2}\phi_{1}}{\partial\hat{z}^{2}}=0$ , $0<\hat{z}<1$ , (10a)
$\frac{\partial\phi_{1}}{\partial\hat{z}}=0$, $\hat{z}=1$ , (10b)
$\frac{1}{\chi^{2}}[\frac{\partial\phi_{1}}{\partial\hat{z}}]_{i=0}=\frac{\partial\zeta}{\partial t}$ , (1oe)
$\frac{\partial\zeta}{\partial t}+\epsilon\nabla\zeta\cdot\nabla f=-(1+\epsilon\zeta)\nabla^{2}f$ , $(1M)$
$\frac{1\delta}{1+\Delta\chi}[\frac{\partial\phi_{1}}{\partial t}]_{i=0}=\frac{\partial f}{\partial t}+\frac{1}{2}\epsilon(\nabla f)^{2}+(1+\frac{1\delta}{1+\Delta\chi})\zeta$. (1oe)
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3, $n_{1},$ $n_{2}(n_{j}=$ ( $\cos\theta_{j}$ , sin $\theta_{j}$), $j=1,2$ , $\theta_{j}$ $x$ $n_{j}$
) 2 . , .
$\xi_{1}=n_{1}\cdot x-t+\epsilon\psi_{1}(x,t)+\cdots,$ $\xi_{2}=n_{2}\cdot x-t+\epsilon\psi_{2}(x,t)+\cdots,$ $\tau=\epsilon t$ . (11)
$\psi_{1},\psi_{2}$ phase shift [15].
$\zeta(\xi_{1},\xi_{2},\tau)=\zeta^{(0)}+\epsilon\zeta^{(1)}+\cdots$ , (12a)
$f(\xi_{1},\xi_{2},\tau)=f^{(0)}+\epsilon f^{(1)}+\cdots$ , (12b)
$\phi_{1}(\xi i,\xi_{2},\hat{z},\tau)=\phi_{1}^{(0)}+\epsilon\phi_{1}^{(1)}+\cdots$ (12c)
. (10) , .
$O(1)$ , $\zeta^{(0)},$ $f^{(0)}$
$\zeta^{(0)}=\frac{\partial f^{(0)}}{\partial\xi_{1}}+\frac{\partial f^{(0)}}{\partial\xi_{2}},$ $2(1-p) \frac{\partial^{2}f^{(0)}}{\partial\xi_{1}\partial\xi_{2}}=0,$ $p:=n_{1}\cdot n_{2}$ . (13)
, $1-p\neq 0$ , . $n_{1}$
$f^{(0)}=F_{1}(\xi_{1},\tau)+F_{2}(\xi_{2},\tau)$ , (14a)
$\zeta^{(0)}=\frac{\partial F_{1}}{\partial\xi_{1}}+\frac{\partial F_{2}}{\partial\xi_{2}}=\zeta_{1}(\xi_{1},\tau)+\zeta_{2}(\xi_{2},\tau),$ $\zeta_{j}$ $:= \frac{\partial F_{j}}{\partial\xi_{j}},$ $(j=1,2)$ (14b)






. (15C) . (15)
, ,
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. , $\hat{\Phi}_{j}$ $\hat{\zeta}_{j}$ $\Phi_{j}$ $\zeta_{j}$ .
$\Phi_{j}(\xi_{j},0,r)=\chi \mathcal{T}[\zeta_{j}],$ $\mathcal{T}[\zeta_{j}]:=\mathcal{P}\int_{-\infty}^{\infty}\frac{1}{2\chi}\coth(\frac{\pi(\xi_{j}’-\xi_{j})}{2\chi})Q(\xi_{j}’)oe_{j}’$ . (19)
.
$O(\epsilon)$
$2(1-p) \frac{\partial^{2}f^{(1)}}{\partial\xi_{1}\partial\xi_{2}}$ $=$ $\frac{\partial}{\partial\xi_{1}}[2\frac{\partial F_{1}}{\partial\tau}+\frac{2q}{\chi}\frac{\partial F_{1}}{\partial\xi_{1}}+\frac{3}{2}(\frac{\partial F_{1}}{\partial\xi_{1}})^{2}+2q\frac{\partial}{\partial\xi_{1}}\tau(\frac{\partial F_{1}}{\partial\xi_{1}})]$
$+$ $\frac{\partial}{\partial\xi_{2}}[2\frac{\partial F_{2}}{\partial\tau}+\frac{2q}{\chi}\frac{\partial F_{2}}{\partial\xi_{2}}+\frac{3}{2}(\frac{\partial F_{2}}{\partial\xi_{2}})^{2}+2q\frac{\partial}{\partial\xi_{2}}\tau(\frac{\partial F_{2}}{\partial\xi_{2}})]$
$+$ $\frac{\partial^{2}}{\partial\xi_{1}\partial\xi_{2}}[((1+2p)F_{2}-2(1-p)\psi_{1})\frac{\partial F_{1}}{\partial\xi_{1}}$




$\psi_{1}=\frac{1+2p}{2(1-p)}F_{2}$ , $\psi_{2}=\frac{1+2p}{2(1-p)}F_{1}$ (22)
. , $f^{(1)}$










. , ILW ,





$G(x)= \frac{1}{2\chi}[\omega th(\frac{\pi x}{2\chi})-sgn(x)]$ (28)
.







$[ \epsilon\psi_{1}]_{\xi_{2}=\infty}-[\epsilon\psi_{1}]_{\xi_{2}=-\infty}=\frac{1+2p}{1-p}\frac{2\delta h\chi}{3(1+\Delta)}$ , (32a)
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.$[ \epsilon\psi_{2}]_{\xi_{1}=\infty}-[\epsilon\psi_{2}]_{\xi_{1}=-\infty}=\frac{1+2p}{1-p}\frac{2\delta k_{1}\chi}{3(1+\Delta)}$ (32b)
$\chiarrow 0$ $\chiarrow\infty$ . $\chiarrow 0$ ,
$P\int_{-\infty}^{\infty}G(\xi-\xi_{j})\zeta_{j}(\xi,\tau)d\xi=\frac{\chi}{3}\frac{\partial\zeta_{j}}{\partial\xi_{j}}+\frac{\chi^{\theta}}{45}\frac{\theta^{3}\zeta_{j}}{\partial\xi_{j}^{3}}+O(\chi^{8})$
, (27) (29) , KdV
$\frac{\partial\zeta_{j}}{\partial\tau}+\frac{3}{2}\zeta_{J}\frac{\partial\zeta_{j}}{\partial\xi_{j}}+\frac{q\chi}{3}\frac{\partial^{\theta}\zeta_{j}}{\partial\xi_{j}^{3}}=0$ (33)
$\zeta j=\frac{2}{3}q\chi k_{j}^{2}sech^{2}\frac{k_{j}}{2}(\xi_{j}-\frac{1}{3}q\chi k_{j}^{2}\tau)$ (34)
. , , (32)
. , KdV (33) KdV
. (33) KdV $h_{1}$
.
, $\chiarrow\infty$ . $\chiarrow\infty$ , (27) BO
, (29) BO .
$k_{j} \chi=\pi-\frac{k_{j}}{\lambda_{j}}$
. $\lambda_{j}>0$ , $\chiarrow\infty$ $k_{j}arrow+O$ [11].
, (29) BO
$\zeta_{j}=\frac{8}{3}\frac{\lambda_{j}q}{\lambda_{j}^{2}(\xi_{j}-\lambda_{j}q\tau)^{2}+1}$ (35)
. (32) $k_{j}\chiarrow\pi$ , BO
[4].
4
, , ILW .
$O(1)$ ,
, . , ,
, KdV , BO
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. , KdV ,
KdV .
KdV , Sulr [16]
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